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1
CURRENT REGULATING SWITCH CIRCUIT

TECHNICAL FIELD

The present invention relates generally to current control
circuits and, more particularly, to such circuits which may be
used to control current consumption of a vacuum cleaner
when used in conjunction with a power tool.

BACKGROUND ART

It 1s often desirable when operating two motors simulta-
neously to provide for the automatic activation (or
deactivation) of one of the motors. referred to as the sec-
ondary load. in response to the activation (or deactivation)
of the other motor, referred to as the primary load. For
example, operation of a vacuum cleaner could be condi-
tioned upon the operation of a power tool. In this way, the
vacuum cleaner could be automatically activated to collect
particulate matter generated by the power tool. Such coor-
dinated activation and deactivation of the primary load and
the secondary load has been provided by control switch
circuits (see. e.g.. Samann U.S. Pat. No. 5.120,983) which
generally include a current sensor to detect current flowing
to the primary load. The current sensor, in turn, drives a triac
or other switching element disposed between the power
supply and the secondary load to permit current flow thereto.

In systems having two loads that may be operated
concurrently, it may also be desirable to limit the current
supplied to one or both of the loads to avoid exceeding a safe
level of current for the power supply or power lines con-
necting the power supply to the two loads. Vander Molen
U.S. Pat. No. 4,357,729 discloses a vacuum cleaner having
a controller for reducing the current supplied to a suction
motor when the suction motor and a brush motor are
operated concurrently. However, in the event the brush
motor is replaced by a motor drawing a different magnitude
of current, the amount of current reduction could only be
manually modified through user adjustment of the resistance

of a variable resistor.

SUMMARY OF THE INVENTION

According to one aspect of the present invention. a
regulating switch circuit for conditioning operation of a first
load upon operation of a second load wherein the first load
and the second load consume electrical energy from a power
source comprises a detecting means for detecting the opera-
tion of the second load and a sensing means for sensing an
amount a parameter of the electrical energy supplied to at
least one of the first and second loads exceeds a predeter-
mined value. The regulating switch circuit further comprises
a load control device coupling at least one of the first and
second loads to the power source, wherein the load control
device has a control terminal. The regulating switch circuit
still further comprises a control circuit coupled to the control
terminal of the load control device. The control circuit is
responsive to the sensing means and the detecting means to
variably adjust the electrical energy supplied by the power
source to at least one of the first and second loads to limit the
parameter of the electrical energy to the predetermined level.

In a preferred embodiment, the sensing means develops a
correction signal having a voltage magnitude representative
of the amount the parameter of the electrical energy exceeds
the predetermined level. The sensing means may comprise a
current transtormer disposed between the power source and
the first and second loads such that the parameter of elec-
trical energy sensed is a total magnitude of current drawn
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from the power source. The load control device may com-
prise a triac which couples the first load to the power source
in accordance with a duty cycle of the triac. The control
terminal of the load control device may be a gate terminal of

the triac.

The first load may be a vacuum motor for a vacuum
cleaner device having a power outlet for coupling the second
load to the power source, wherein the second load may be
a power tool. In addition, the regulating switch circuit may
include a switch coupled to the power outlet and the vacuum
motor which has a first position wherein the vacuum motor
operates independently of the power tool and the power tool
is not activated, a second position wherein the operation of
the vacuum motor is conditioned upon the operation of the
power tool, and a third position wherein neither the vacuum
motor nor the power tool is activated. The regulating switch
circuit may also include a further triac having a gate terminal
coupled to the switch to supply current to the gate terminal
of the first-named triac when the switch is in the first
position.

In the preferred embodiment, the control circuit includes
a transistor having a base electrode coupled to the sensing
means wherein the transistor is conductive to an extent
determined by the voltage magnitude of the correction signal
such that the control circuit variably adjusts the duty cycle
of the first-named triac to limit the total magnitude of current
drawn from the power source. The control circuit may also
include an optoisolator having first and second portions
wherein the second portion is coupled to the gate terminal of
the first-named triac, a unijunction transistor coupled to the
first portion of the optoisolator, and a diode coupling a
collector electrode of the transistor to an emitter electrode of
the unijunction fransistor. Further, a capacitor may be
coupled to the emitter electrode of the unijunction transistor.

The sensing means preferably includes an amplifying
means, a converting means coupled to the amplifying
means, and a comparing means. The detecting means may
include a further current transformer and a rectifier coupled
to the further current transformer. The detecting means may
further include a filter/amplifier circuit coupled to the
rectifier, a comparator circuit coupled to the filter/amplifier
circuit, and a further transistor connected in parallel with the
first-named transistor. wherein the further transistor has a
base electrode responsive to a signal developed by the
comparator circuit to enable the control circuit.

According to another aspect of the present invention, a
regulating switch circuit for conditioning operation of a first
load upon operation of a second load wherein the first load
and the second load draw a total magnitude of current from
a power source comprises a detecting means for detecting
the operation of the second load and a developing means for
developing a correction signal wherein the correction signal
has a voltage magnitude representative of an amount the
total magnitude of current exceeds a predetermined level.
The regulating switch circuit further comprises a switching
device coupling the first load to the power source in accor-
dance with a duty cycle of the switching device, wherein the
switching device has a control terminal. The regulating
switch circuit may further comprise a phase control circuit
coupled to the control terminal of the switching device
wherein the phase control circuit is responsive to the cor-
rection signal and the detecting means to variably adjust the
duty cycle of the switching device to limit the total magni-
tude of current to a predetermined level.

According to yet another aspect of the present invention.
a regulating switch circuit for conditioning operation of a
first load upon operation of a second load wherein the first
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load and the second load draw a total magnitude of current
from a power source comprises a triac coupling the first load
to the power source in accordance with a duty cycle of the
triac. The regulating switch circuit further comprises a first
current sensor disposed between the power source and the
first and second loads wherein the first current sensor
generates a signal representative of the total magnitude of
current, a second current sensor coupling the second load to
the power source. a summer coupled to the first current
sensor. and a phase control circuit responsive to both the
summer and the second current sensor for variably adjusting
the duty cycle of the triac to an extent necessary to limit the
total magnitude of current to a predetermined level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of a power tool together
with an elevational view of a vacuum cleaner having a
current regulating switch circuit incorporating the present
invention;

FIG. 2 is a simplified block diagram of the current
regulating switch circuit of FIG. 1; and

FIG. 3 is a schematic diagram of a preferred embodiment
of the current regulating switch circuit of FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1. a vacuum cleaner 6 includes a
current regulating switch circuit 8 coupled to a vacuum
motor 10. The vacuum motor 10 provides suction useful for
collecting particulate matter generated by a power tool 11.
The power tool 11 is attached to the vacuum cleaner 6 at a
power tool outlet 12 which, in turn, is coupled to the current
regulating switch circuit 8. The power tool 11 includes a
male plug 13 disposed at an end of a power cord for
engaging the power tool outlet 12. The vacuum motor 10 and
the power tool 11 receive power from a power source 14
coupled to the current regulating switch circuit 8 by a high
voltage line 15A and a low voltage line 15B. The power
source 14 has a terminal tied to ground by a line 15C. The
power source 14 preferably provides AC power at 115 Volts
rms across the high and low voltage lines 15A and 15B.

Referring now to FIGS. 2 and 3. a preferred embodiment
of the current regulating switch circuit 8 includes a three-
position rocker switch 16 which couples both the vacuum
motor 10 and the power tool outlet 12 to the power source
14. The three-position rocker switch 16 has first through
sixth switch terminals (or contacts) 18A-18F. The switch
terminals 18A and 18E are connected by a line 19A within
the three-position rocker switch 16, while the switch termi-
nals 18C and 18F are connected by a similar line 19B.

The three positions of the rocker switch 16 are a VAC
ONLY (or ON) position, an AUTO position and an OFF
position. When the three-position rocker switch 16 is in the
OFF position, the switch terminals 18A-18F are as shown in
FIGS. 2 and 3 (i.c.. the switch terminals 18A and 18E are out
of contact with the switch terminals 18B, 18C, 18D and
18F). When the three-position rocker switch 16 is moved to
the VAC ONLY position, the switch terminals 18B and 18E
are moved into contact with the switch terminals 18A and
18D such that lines 20 and 22 are coupled to a line 24. The
line 24, in turn, is coupled to the high voltage line 15A of the
power source 14 by a line 26 and a circuit breaker 28. Thus.
when the three-position switch 16 is in the VAC ONLY
position, a first terminal of the vacuum motor 10 is coupled
to the high voltage line 15A of the power source 14.

When the three-position rocker switch 16 is moved to the
AUTO position, the switch terminals 18B and 18E are
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moved into contact with the switch terminals 18C and 18F
such that the line 20 and a line 30 are connected to the line
24. As a result, a first terminal 32 of the power tool outlet 12
is also coupled to the high voltage line 153A of the power
source 14. Thus, when the three-position rocker switch 16 is
in the AUTO position, both the power tool 11 and the
vacuum cleaner 6 are coupled to the high voltage line 15A
of the power source 14.

Alternatively, the three-position rocker switch 16 may be
replaced by a conventional two-position switch (not shown)
providing only two modes of operation, OFF and AUTO.
Such an embodiment may be desirable when the vacuum
cleaner 6 would always be operated in conjunction with the
power tool 11.

The low voltage line 15B of the power source 14 is
coupled to a second terminal 34 of the power tool outlet 12
by lines 36, 38. and 40, and a tool current sensor 50. The line
36 is also connected to a first main terminal of a triac 52. A
second main terminal of the triac 82 is coupled to a second
terminal of the vacuum motor 19.

Referring now solely to FIG. 2 and assuming the three-
position rocker switch 16 is in the AUTO position, the line
30 couples the high voltage line 15A of the power source 14
to a rectifier circuit 83. The rectifier circuit 83 is additionally
coupled to the low voltage line 15B of the power source 14
by a line 54. The rectifier circuit 53 develops a 110 Volt
pulsating DC power voltage across lines 85 and 56. This
voltage is preferably lowered by a dropping resistor 57 and
clamped to a 20 Volt level across lines 59 and 56 by a zener
diode 5§8. The 20 Volt pulsating DC power voltage across the
lines 59 and 56 powers most of the circuit components in the
current regulating switch circuit 8. As a result, such circuit
components are isolated from the power source 14 by the
rectifier circuit 53, but in such a way as to permit the
synchronization of the output signals of such circuit com-
ponents to the AC power waveform of the power source 14.

With continued reference to FIG. 2, the tool current sensor
50 detects current flowing in the line 38 from the power
source 14 to the power tool 11 through the power tool outlet
12. An AC signal representative of the tool current is
developed by the current sensor 50 across lines 62 and 64.
and a rectifier circuit 66 produces a rectified signal repre-
sentative of the tool current on a line 68. The rectified tool
current signal on the line 68 is provided to a filter/amplifier
circuit 70 which develops an amplified DC signal represen-
tative of the tool current on a line 72. A comparator circuit
74 compares the amplified DC signal on the line 72 to a
reference signal developed on a line 76. Both the filter/
amplifier circuit 70 and the comparator circuit 74 are
coupled to the 20 Volt pulsating DC power voltage by a
diode 77 and the line 76.

The comparator circuit 74 develops an output signal on a
line 78 which is. in turn, provided to a base electrode of an
NPN transistor 80. A collector electrode of the NPN tran-
sistor 80 is coupled to a phase control circuit 82 by a line 84.
The phase control circuit 82 develops an output signal on a
line 86 connected to a gate (or control) terminal of the triac
52.

In operation. the current sensor 50, the rectifier 66. the
filter/amplifier circuit 70. the comparator circuit 74 and the
NPN transistor 80 collectively perform a conditional switch-
ing function of the present invention. Initially. if there is
little or no tool current, the DC signal developed by the
filter/amplifier circuit 70 causes the output signal of the
comparator circuit 74 to assume a high DC voltage level

derived from the 20 Volt pulsating DC voltage. This high DC
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output signal renders the NPN transistor 8¢ conductive and,
thus. pulls the voltage at the collector electrode of the NPN
transistor 8¢ down to a low voltage magnitude substantially
equal to a neutral reference voltage on the line 56. As noted
in greater detail hereinafter, this low voltage magnitude
disables the phase control circuit 82 from firing the triac $2.

When the triac 52 is not fired. no current is supplied to the
vacuum motor 10 and. thus, the vacuum cleaner 6 is not

activated.

Once the power tool 11 is activated. the DC signal
developed by the filter/amplifier circuit 70 assumes a suffi-
ciently high voltage level to cause the output signal of the
comparator circuit 74 to drop to the neutral reference voltage
on the line 56. In the preferred embodiment, the tool current
nced only reach a threshold magnitude of approximately
125-250 milliamps (rms) in order to switch the output signal
of the comparator circuit 74. The neutral reference voltage
provided to the NPN transistor 80 renders the latter
nonconductive, thereby enabling the phase control circuit
82. The phase control circuit 82, when enabled. develops a
control signal to rapidly fire (or turn on) the triac 52 during
each half-cycle of the AC waveform in a manner which
delivers a controllably variable level of cumrent fo the
vacuum motor 10. In this way, the activation of the vacuum
cleaner 6 (i.e., the secondary load) is conditioned upon the
activation of the power tool 11 (i.c., the primary load).

Both the filter/famplifier circuit 70 and the comparator
circuit 74 provide gain to decrecase the tool current magni-
tude threshold necessary to enable the phase control circuit
82. Lowering the tool current magnitude threshold translates
into a shorter time lag between the activation of the power
tool 11 and the activation of the vacuum motor 10. In the
event that a short time lag is not necessary or perhaps
undesirable, the gain provided by the filter/amplifier circuit
70 and the comparator circuit 74 may no longer be neces-
sary, Accordingly, the current regulating switch circuit 8 can
be simplified by the removal of the entire comparator circuit
74 and any amplifying components (to be discussed in detail
hereinafter) of the filter/amplifier circuit 70.

With continued reference to FIG. 2. the total current
flowing from the power source 14 through the line 24 is
detected by a current sensor 100. The current sensor 100 and
the inherent resistance in the line 26 form a current divider

to allow the current sensor 100 to develop a signal repre-
sentative of the total current magnitude across lines 102 and

104. The lines 102 and 104 couple the current sensor 100 to
an amplifier 106 and thence to an AC-to-DC converter 110

which develops a varying DC level signal on a line 112
representative of the total current magnitude. A summer 114

compares the varying DC level signal to a fixed reference
voltage derived from the 20 Volt pulsating DC power
voltage on the line 59 (i.e.. the summer 114 calculates a
difference between the two aforementioned signals).

The summer 114 develops a correction signal on a line
116 representative of an amount by which the total current
magnitude exceeds a predetermined safe level, such as 12
amps. The correction signal is preferably representative in a
proportional sense but may, however, represent the amount
in any other fashion known to those skilled in the art. The
phase control circuit 82 is responsive to the correction signal
for development of a firing control signal for the triac S2.
When the total current magnitude is less than or equal to the
predetermined magnitude, the phase control circuit 82 ren-
ders the triac 32 continuously conductive so that the vacuum
motor 10 receives the full AC power voltage across the lines

24 and 36 and thus rotates at rated (or full) speed. When the
total current magnitude exceeds the predetermined
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magnitude. the phase control circuit 82 retards or delays the
firing (or turn-on) point of the triac 52 in each half-cycle of

the AC waveform developed across the lines 24 and 36 to
reduce the effective voltage applied to the vacuum motor 10
by an amount dependent upon the magnitude of the correc-
tion signal on the line 116. The reduction in effective voltage
applied to the vacuum motor 10 causes the latter to slow
down. and thus draw a lower magnitude of current from the
power source 14. Eventually. the vacuum motor 10 will drop
to a certain reduced speed. thereby causing the current
magnitude drawn by the vacuum motor 10 to reduce to a
point at which the total current magnitude equals the pre-
determined magnitude. The vacuum motor 10 thercafter
continues to run at the certain reduced speed.

As the foregoing discussion demonstrates. the phase
control circuit 82 adjusts the duty cycle of the triac 52 in
dependence upon the correction signal appearing on the line
116.

If the three-position rocker switch 16 is moved to the VAC
ONLY (or ON) position, current flows through the three-
position rocker switch 16 from the power source 14 to the
line 22 and thence through a current-limiting resistor 130 to
a gate terminal of an additional triac 132. As a result, the
triac 132 is fired at the beginning of each half-cycle of the
AC power waveform developed by the power source 14. The
triac 132, in turn, fires the triac 52 at the beginning of each
halt-cycle to permit continuous current ow from the power
source 14 to the vacuum motor 10 to operate the latter at full
speed.

While the three-position rocker switch 16 is in the VAC
ONLY (or ON) position, neither the switch terminal 18C nor
the switch terminal 18F is coupled to the power source 14,

thereby disconnecting the power tool outlet 12 and the
rectifier circuit 533 from the power source 14.

Referring now to FIG. 3. a preferred embodiment of the
current regulating switch circuit 8 of the present invention is
shown in detail (elements common to both FIGS. 2 and 3
have been assigned like reference numerals). The current
sensor 100 preferably includes a current limiting resistor 150
and a current transformer 152 having a ferrite core and a
1000-to-1 turns ratio. The current transformer 152 is con-
nected in the current divider as shown in FIGS. 2 and 3

because the full current in the line 26 would saturate the
current transformer 152 and. thus. prohibit an accurate

measurement of the total current magnitude.

The current sensor 100 could alternatively be simplified to
include a single resistor such that the total current magnitude
(or, equivalently. the total power drawn) would be measured
as a voltage drop across the single resistor. Further
modifications, however, may be necessary in such an alter-
native embodiment to isolate components of the current
regulating switch circuit 8 from the power source 14.

With continued reference to FIG. 3, a capacitor 156 may
be connected across the lines 102 and 104 to remove noise
prior to amplification by the amplifier 106. The amplifier
106 preferably includes an op-amp 1S58. a resistor 160 and
a variable resistor 162. The op-amp 158 has a power
terminal coupled by a line 164 to the 20 Volt pulsating DC
power voltage on the line §9. The op-amp 158 further has a.
neutral reference terminal coupled by lines 166 and 168 to
the neutral reference voltage on the line 56.

The AC-to-DC converter 110 preferably includes a diode
170, a capacitor 172 and a resistor 174 connected in a
conventional fashion. The summer 114 preferably includes
an op-amp 176 provided on a single IC chip with the op-amp
158. As a result, the op-amp 176 is also powered by the 20
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Volt pulsating DC voltage on the line 59 which. in turn.
causcs the correction signal on the line 116 to have a
pulsating DC nature. The summer 114 further includes a 5.6
Volt zener diode 178 and resistors 180, 182, and 184 for
developing the fixed reference voltage and comparing it to
the varying DC level signal representative of the total
current magnitude.

To fine-tune the development of the correction signal, the
variable resistor 162 of the amplifier 106 is adjusted to a
resistance to set the correction signal to zero amplitude when
the total current magnitude equals the predetermined safe
magnitude.

The gain provided by the op-amps 158 and 176 consti-
tutes an efficient method for developing the correction
voltage with sufficient resolution to smoothly vary the total
current drawn by the vacuum motor 10. Alternative embodi-
ments could employ a digital signal processor or other
digital processor. as is well known to those skilled in the art.
However, to achieve a similar amount of resolution, such
alternative digital embodiments may be undesirably expen-
sive.

With continued reference to FIG. 3, the rectifier circuit 53
is preferably of the full-wave type. Other circuits known to
those skilled in the art couid alternatively be used to rectify
the AC power waveform to develop the pulsating DC power
voltage on the lines 55 and 59.

The tool current sensor 530 preferably includes a current
transformer 190 similar in construction to the current trans-

former 152. Noise in the tool current signal developed by the
current transformer 190 is filtered out by a capacitor 192
prior to provision to the rectifier circuit 66, which is pref-
erably of the full-wave or an equivalent type.

The filter/amplifier circuit 7¢ preferably includes a
capacitor 198 and a resistor 200 coupled in parallel between
the line 68 and the neutral reference voltage on the line 56.
The filter/amplifier circuit 70 further includes an op-amp
202 and resistors 204 and 206. The op-amp 202 has a power
terminal coupled by a line 208 to the line 76. The line 208

is further coupled to the neutral reference voltage on the line
56 by a capacitor 210. The op-amp 202 also has a neutral

reference terminal coupled by a line 212 to the neutral
reference voltage on the line 56.

The comparator circuit 74 preferably includes the capaci-
tor 210. an op-amp 214 (preferably packaged on the same IC
chip with the op-amp 202). a resistor 216, and a diode 218.
The capacitor 210 and the diode 77 filter out the AC
component of the 20 Volt pulsating DC power voltage on the

line 89 to develop a DC voltage on the lines 76 and 208. The
resistor 216 limits current flow through the diode 218 which,
in turn. sets the fixed reference voltage utilized by the

comparator circuit 74 to a DC voltage equal to the forward-
bias voltage of the diode 218.

The op-amps 202 and 214 are powered by the DC voltage
on the line 208 and the neutral voltage on the line 56. Thus,
as generally described hereinabove. the output signal of the

comparator circuit 74 approximately assumes either (1) the
high DC voltage on the line 208, or (2) the neutral reference
voltage (because the absence of feedback for the op-amp
214 usually drives the output signal of the comparator circuit
74 to either rail of the op-amp 214).

With continued reference to FIG. 3, a resistor 220 limits

the current supplied by the op-amp 214 to the base electrode
of the NPN transistor 80. The NPN transistor 80 is connected
to an additional NPN transistor 230 of the phase control
circuit 82 in a common emitter configuration. The NPN

transistor 230 has a base electrode coupled by a resistor 232
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to the summer 114. The NPN transistors 80 and 230 have
respective collector electrodes connected together. The
respective collector electrodes of the NPN transistors 80 and
230 are coupled to the 20 Volt pulsating DC power voltage
on the line 59 by a resistor 234.

The phase control circuit 82 further includes a diode 236
and a unijunction transistor (UJT) 240 having an emitter
electrode coupled by a resistor 241 to the 110 Volt pulsating
DC power voltage on the line §5. The emitter electrode of
the UJT 240 is also coupled to the neutral reference voltage
on the line 56 by a capacitor 242. The UJT 240 also has first
and second base electrodes 244 and 246, respectively. The
first base electrode 244 of the UJT 240 is coupled to the 20

Volt pulsating DC power voltage on the line 39, while the
second base electrode 246 of the UJT 240 is coupled by a
resistor 248 to the neutral reference voltage on the line 56.

The phase control circuit 82 further includes a resistor 250
coupling the second base electrode 246 of the UJT 240 to a
light-emitting diode (LED) portion 251 of an optoisolator
circuit 252. The optoisolator circuit 252 also includes a
light-sensitive triac portion 253. The phase control circuit 82
still further includes a resistor 256. a capacitor 258 and a
resistor 260.

In operation, the phase control circuit 82 is enabled as
long as the NPN transistor 80 is nonconductive (i. €., the tool

current is more than 125 milliamps rms). However, the
phase control circuit 82 will also remain enabled for a period
of time (about 7-9 seconds if the tool current is at least 3
amps rms) after the power tool 11 is deactivated due to the
time required for the capacitor 198 to discharge. While the
phase control circuit 82 is enabled, the voltage at the
common collector node of the NPN transistors 80 and 230
is dependent upon the magnitude of the correction signal. If
the correction signal magnitude is sufficiently high to cause
the NPN transistor 230 to conduct. the voltage of the
common collector terminal is pulled down a certain extent

toward the neutral reference voltage which, in turm, does not

allow a certain amount of current to flow through the diode
236 to charge the capacitor 242.

If the cormrection signal is not high enough to render the
NPN transistor 230 conductive, the voltage at the common
collector node stays approximately at the 20 Volt pulsating
DC power voltage (minus the voltage drop across the
resistor 234), providing current to charge the capacitor 242.
Hence, the response of the NPN transistor 230 to the
magnitude of the correction signal effectively modifies the

charging rate of an RC circuit formed by the resistors 234
and 241 and the capacitor 242.

The diode 236 provides a bias for the emitter electrode of
the UJT 240 which causes the latter to conduct over a gently
sloping range of voltages across the capacitor 242. This. in
turn, causes the relationship between the duty cycle of the
triac 52 and the correction signal magnitude to be substan-
tially linear. In other words. the diode 236 allows the phase
control circuit 82 to smoothly vary the triac firing angle from
0° to 180°.

Once the voltage across the capacitor 242 ramps up from
the bias provided by the diode 236 and reaches a triggering
level of the UJT 240, the UJT 240 fires, discharging the
capacitor 242 and sending current through the LED portion
251 of the optoisolator circuit 252. In response. the light-
sensitive triac portion 253 of the optoisolator circuit 252
allows current to flow through the resistors 256 and 260 to
provide current to the gate terminal of the triac 52. which
thereby fires the triac 52. The resistor 256 is provided to
limit the current provided to the light-sensitive triac portion
253 of the optoisolator circuit 252.
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Thus, the time at which the charge collected by the
capacitor 242 fires the UJT 240 determines the point in each
half-cycle that the triac 52 is fired to allow current to flow
through the vacuum motor 19.

10

energy supplied by the power source to at least one of
the first and second loads to limit the parameter of the

electrical energy to the predetermined level.
2. The regulating switch circuit of claim 1, wherein the

With a highly inductive load such as the vacuum motor 2 sensing means comprises means for developing a correction

10. a snubber circuit composed of the capacitor 258 and the

resistor 260 is preferably provided to reduce the rate of rise
of the voltage across the main terminals of the triac S2. This

ensures that the triac S2 accurately fires in response to the
firing signal provided by the optoisolator circuit 252.

Preferably, the above-identified components have the
following values, it being understood the values are exem-
plary only and may vary from those shown and still embody
the present invention:

Resistor 57 6.8 k(2
Resistor 130 20.0 k€
Resistor 150 100 Q
Capacitor 156 6.80 uF
Resistor 160 240 k)
Variable Resistor 162 500 k£) (maxunum)
Capacttor 172 100 yF
Resistor 174 470 k)
Resistor 180 150 k2
Resistor 182 18.0 k£
Resistor 184 240 k£)
Capacitor 192 1.00 pF
Capacitor 198 6.80 pF
Resistor 200 220 k()
Resistor 204 24.0 k£
Resistor 206 390 kL2
Capacitor 210 47.0 JF
Resistor 216 15.0 k2
Resistor 220 180 Kk}
Resistor 232 300 kL1
Resistor 234 5.10 k£
Resistor 241 1.10 MQ
Capacitor 242 100 uF
Resistor 248 150 £
Resistor 250 150 2
Resistor 256 150 £
Capacitor 258 470 uF
Resistor 260 470 L2

Numerous modifications and alternative embodiments of
the invention will be apparent to those skilled in the art in
view of the foregoing description. Accordingly, this descrip-
tion is to be construed as illustrative only and is for the
purpose of teaching those skilled in the art the best mode of
carrying out the invention. The details of the structure may
be varied substantially without departing from the spirit of
the invention. and the exclusive use of all modifications
which are within the scope of the appended claims, is
reserved.

We claim;

1. A regulating switch circuit for conditioning operation
of a first load upon operation of a second load wherein the
first load and the second load consume electrical energy
from a power source, the regulating switch circuit compris-
ing:

means for detecting the operation of the second load;

means for sensing an amount that a parameter of the

electrical energy supplied to at least one of the first and

second loads exceeds a predetermined level,

a load control device coupling at least one of the first and
second loads to the power source. wherein the load
control device has a control terminal; and

a control circuit coupled to the control terminal of the load
control device and responsive to the sensing means and
the detecting means to variably adjust the electrical
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signal having a voltage magnitude representative of the
amount the parameter of the electrical energy exceeds the
predetermined level.

3. The regulating switch circuit of claim 2, wherein the
sensing means further comprises a current transformer dis-
posed between the power source and the first and second
loads such that the parameter of electrical energy sensed 1s
a total magnitude of current drawn from the power source.

4. The regulating switch circuit of claim 3. wherein:

the load control device comprises a triac which couples
the first load to the power source in accordance with a
duty cycle of the triac; and

the control terminal of the load control device comprises
a gate terminal of the friac.
5. The regulating switch circuit of claim 4. wherein:

the first load is a vacuum motor for a vacuum cleaner
device having a power outlet for coupling the second
load to the power source wherein the second load is a
power tool;

a switch coupled to the power outlet and the vacuum
motor having a first position wherein the vacuum motor
operates independently of the power tool and the power
tool is not activated, a second position wherein the
operation of the vacuum motor is conditioned upon the
operation of the power tool. and a third position
wherein neither the vacuum motor nor the power tool

is activated; and

a further triac having a gate terminal coupled to the switch
to supply current to the gate terminal of the first-named
triac when the switch is in the first position.

6. The regulating switch circuit of claim 5, wherein the

control circuit comprises a transistor having a base electrode

coupled to the correction signal developing means wherein
the transistor is conductive to an extent determined by the

voltage magnitude of the correction signal such that the
control circuit variably adjusts the duty cycle of the first-
named triac to limit the total magnitude of current drawn
from the power source.
7. The regulating switch circuit of claim 6, wherein the
control circuit further comprises:
an optoisolator having first and second portions wherein
the second portion is coupled to the gate terminal of the
first-named triac;
a unijunction transistor coupled to the first portion of the
optoisolator wherein the unijunction transistor has an
emitter electrode;

a diode coupling a collector electrode of the transistor to
the emitter electrode of the unijunction transistor; and

a capacitor coupled to the emitter electrode of the uni-
junction transistor.
8. The regulating switch circuit of claim 7, wherein the
sensing means further comprises:

means for amplifying the signal representative of the total
magnitude of current to develop an amplified signal,
and

means coupled to the amplifying means for converting the
amplified signal to a varying DC signal;

wherein the correction signal developing means com-
prises means for comparing the varying DC signal with
a fixed reference signal.
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9. The regulating switch circuit of claim 8, wherein the
detecting means includes:

a further current transformer for developing a signal
representative of a magnitude of current flowing from

the power source to the power tool; and

a rectifier coupled to the further current transformer to
develop a rectified signal representative of the magni-
tude of current flowing from the power source to the
power tool.

10. The regulating switch of claim 9, wherein the detect-

ing means further includes:

a filter/amplifier circuit coupled to the rectifier to develop
an amplified DC signal representative of the magnitude
of current flowing from the power source to the power
tool;

a comparator circuit for comparing the amplified DC
signal with a further fixed reference signal; and

a further transistor connected in parallel with the first-
named transistor, wherein the further transistor has a
base electrode coupled to the comparator circuit and is
responsive to a signal developed thereby to enable the
control circuit.

11. A regulating switch circuit for conditioning operation
of a first load upon operation of a second load wherein the
first and second loads draw a total magnitude of cuurent from
a power source, the regulating switch circuit comprising:

means for detecting the operation of the second load;

means for developing a correction signal having a voltage
magnitude representative of an amount that the total
magnitude of current exceeds a predetermined level;

a switching device coupling the first load to the power
source 1n accordance with a duty cycle of the switching
device, wherein the switching device has a control
terminal; and

a phase confrol circuit coupled to the control terminal of
the switching device and responsive to the correction
signal and the detecting means to variably adjust the
duty cycle of the switching device to limit the total
magnitude of current to the predetermined level.

12. The regulating switch circuit of claim 11, wherein the

developing means comprises:

a current transformer for developing a signal representa-
tive of the total magnitude of current;

an amplifier responsive to the signal representative of the
total magnitude of current to develop an amplified
signal representative of the total magnitude of current;

an AC-to-DC converter coupled to the amplifier to
develop a varying DC signal representative of the total
magnitude of current; and

a summer responsive to the varying DC signal and a
reference signal for developing the correction signal.
13. The regulating switch circuit of claim 12, wherein the

amplifier and the summer comprise first and second op-amp
circuits, respectively.

14. The regulating switch circuit of claim 13, wherein the
first op-amp circuit includes a variable resistor disposed in
a feedback path for fine-tuning the developing means to zero
the correction signal when the total magnitude of current
equals the predetermined level.

15. The regulating switch circuit of claim 14, wherein the
phase control circuit includes:

an optoisolator having an input portion and an output

portion wherein the output portion is coupled to the
control terminal of the switching device;

a transistor having a collector electrode and a base elec-
trode coupled to the developing means such that the

h
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transistor is conductive to an extent determined by the
voltage magnitude of the correction signal;

a unijunction transistor coupled to the input portion of the
optoisolator. wherein the unijunction transistor has an
emitter electrode:

a diode coupling the collector electrode of the transistor to
the emitter electrode of the unijunction transistor; and

a capacitor coupled to the emitter electrode of the uni-
junction transistor.
16. The regulating switch circuit of claim 18§, wherein the
detecting means includes:

a further current transformer for developing a signal
representative of a magnitude of current flowing from
the power source to the second load;

a rectifier coupled to the further current transformer to
develop a rectified signal representative of the magni-

tude of current flowing from the power source to the
second load;

a third op-amp circuit coupled to the rectifier to develop
an amplified and rectified signal;
a fourth op-amp circuit coupled to the third op-amp circuit

to compare the amplified and rectified signal with a
fixed reference signal; and

a further transistor connected in parallel with the first-
named transistor, wherein the further transistor has a
base electrode coupled to the fourth op-amp circuit and
is responsive to a signal developed thereby to enable

the phase control circuit. |
17. The regulating switch circuit of claim 16, wherein the

switching device is a triac and the control terminal of the
switching device is a gate terminal of the triac.

18. The regulating switch circuit of claim 11, wherein the
first load is a vacuum motor for a vacuum cleaner having a
power outlet for powering the second load and wherein the
second load is a power tool.

19. A regulating switch circuit for conditioning operation
of a first load upon operation of a second load wherein the
first and second loads draw a total magnitude of current from
a power source, the regulating switch circuit comprising:

a triac coupling the first load to the power source to an
extent determined by a duty cycle of the triac;

a first current sensor disposed between the power source
and the first and second loads wherein the first current
sensor generates a signal representative of the total
magnitude of current;

a second current sensor coupling the second load to the
POWET SOUrce;

a summer coupled to the first current sensor;

a phase control circuit responsive to both the summer and
the second current sensor for variably adjusting the
duty cycle of the triac to an extent necessary to limit the
total magnitude of current to a predetermined level.

20. The regulating switch circuit of claim 19. wherein:

the summer develops a correction signal having a voltage
magnitude; and

the phase control circuit includes a transistor having a
base electrode coupled to the summer such that the
transistor is conductive to an extent determined by the
voltage magnitude of the correction signal.

21. The regulating switch circuit of claim 20, further

comprising:
an outlet for coupling the second load to the power source;

a switch coupled to the outlet and the first load having a
first position wherein the first load operates indepen-
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dently of the second load and the second load is not
activated. a second position wherein operation of the
first load is conditioned upon operation of the second
load, and a third position wherein neither of the first
and second loads is activated.

22. The regulating switch circuit of claim 21, further

comprising:

a rectifier coupled to the switch for developing pulsating
DC power for the second current sensor, the summer,
and the phase control circuit when the switch is in the
second position; and

an optoisolator coupling the output of the phase control
circuit to a gate terminal of the triac, wherein the
rectifier and the optoisolator isolate the second current
sensor. the summer and the phase control circuit from
the power source but allow the phase control circuit to
be synchronized with the power source.

23. The regulating switch circuit of claim 22, further

comprising:

a further triac having a gate terminal coupled to the switch
to supply current to the gate terminal of the first-named
triac when the switch is in the first position.

24. The regulating switch circuit of claim 23, wherein the

second current sensor further includes:
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a current transformer coupling the second load to the
POWET SOUICE;

a further rectifier coupled to the current transformer;
an amplifier circuit coupled to the further rectifier;

a comparator circuit coupled to the amplifier circuit; and

a further transistor connected in paraliel with the first-
named transistor, wherein the further transistor is
responsive to a signal developed by the comparator
circuit to enable the phase control circuit.

25. The regulating switch circuit of claim 24, wherein the

phase control circuit further includes:

a unijunction transistor coupled to the gate terminal of the
first-named triac by the optoisolator;

a diode coupling a collector of the first-named transistor
to an emitter electrode of the unijunction transistor; and

a capacitor coupled to the emitter electrode of the uni-
junction transistor.
26. The regulating switch circuit of claim 25, wherein the
summer is coupled to the first current sensor by a further
amplifier circuit and an AC-to-DC converter.
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